During the interval from 4.9 to 4.1-3.7 Ma in the early Pliocene, extinct fossil freshwater diatom species Aulacoseira praeislandica and near-shore marine fossil diatom species Koizumia tatsunokuchiensis are abundant at DSDP Site 436 on the abyssal floor far east over the Japan Trench as sediment trap. The close correspondence of abundances of two characteristic diatom groups with occurrence of coarse volcanic debris, increase of eolian material, and large numbers of fecal pellets in the early Pliocene sediment at 
Introduction
The Deep Sea Drilling Project (DSDP) cruised four times off northeast Japan near the Japan Trench, and determined the tectonic evolution in the forearc area between the Japanese Island Arc and the Japan Trench, and also hydrographic variability in the mixed water region between the Kuroshio Front and Oyashio
Front at latitude 38° to 41°N (Fig. 1) .
Legs 56 There is least possibility of transporting materials from the dried-out lake and near-shore marine sediments including the Pliocene extinct fossil freshwater diatoms and near-shore marine diatoms to distal hemipelagic mud in offshore abyssal floor. The fossil freshwater diatoms and fecal pellets in the early Pliocene were not recovered from any other sites over the forearc area. And volcanic vitric ash intimately mixed with terrigenous or biogenic components suggest re-distribution and re-sedimentation. Site 436 also recorded the eolian signal that terrigenous materials were transported by atmospheric transport from Asia (Schramm, 1989) .
On the other hand, the warm Kuroshio Current, which flows towards the northeast along the near-shore of southwestern Japan, transports littoral-neritic diatoms into the Kuroshio Extension since the last 150 kyr (Koizumi and Yamamoto, 2010) and the Pliocene (Koizumi and Tanimura, 1985) .
Surface water temperatures (SSTs) since 4.5 Ma were estimated from diatoms at DSDP Sites 579 and 580 in the midlatitudes of northwest Pacific (Koizumi, 1985) . They gradually and Dowsett, 1991) . Evidence from the PRISM indicates midPliocene gobal mean temperatures 2-3℃ warmer than today (Haywood and Valdes, 2004; Dowsett and Robinson, 2009 ).
However, the early Pliocene, approximately 5-3 Ma, was approximately 4 ℃ much more warmer than today (Wara et al., 2005) . The Pliocene meridional SST gradient between the equator and the subtropical/mid-latitudes was very weak, roughly 2℃ around 4 Ma (Brierley et al., 2009 ).
The early Pliocene had a vast warm water pool encompassing the whole extent of the tropics rather than zonal uniformity along the Equator implied by the permanent El Niño (Thompson and Whelan, 1980) . 
Preparation of samples and method of study
Sample material was placed in an oven at 60℃ for 24 hr, and 1.0 g of dried-up material was boiled in a 200 ml beaker with about 20 ml of hydrogen peroxide solution (15%) for several seconds and then left to stand for 24 hr after diluting with distilled water. After pouring off the suspension, distilled water was added up to 100 ml. After 10 sec, 0.5 ml of the suspension was taken by a micropipette from the middle part of the water column in the beaker, and was placed on a cover glass (18 × 18 mm in size). The cover glass was dried on a hot plate at 60℃ and then mounted on a slide glass using Pleurax. and Chaetoceros spp., using a lens combination of 10× wide-field eyepieces and 70× oil immersion objective.
Neodenticula kamtschatica

Diatom zonation
The diatom zones and datum levels for zonal boundaries with absolute ages of Koizumi et al., (2009) were used in this study (Table 1 to be 2.6 Ma at the Gauss-Matuyama polarity boundary (Head et al., 2008 (Koizumi, 1985) . The onset of significant Northern
Hemisphere glaciation at about 2.7 Ma occurs within the context of progressive Cenozoic cooling (Koizumi, 1985; Barron, 1998; Shimada et al., 2009) , and also of a gradual increase in the mean global ice volume during from 3.6 to 2.4 Ma (Ravelo et al., 2004) . Age (Ma) Cyclotella chaetoceras C. striata This extinct fossil species occurs stratigraphically sporadic and abundant, and lived fairly commonly in intra-bay sediments such as near-shore shallow marine environments. And the species are reported more commonly from on-land sequences than from purely oceanic sediments (Koizumi, 1972 (Koizumi, , 1973 Yanagisawa, 1994 praeislandica are predominantly included in the lower Pliocene Iga Formation consisting of fluvial and lacustrine sediments, which were deposited in ancient Lake Biwa of central Japan (Tanaka et al., 1984) . The descendant Aulacoseira islandica (O.
Müller) Simonsen is a cold-water euplanktonic species and has its maximum development in less eutrophic still waters such as lakes or slow-moving rivers.
Depth-age plot at Site 436 and sedimentary history in forearc area off northeast Japan
At Site 436, the sediment accumulation rates were estimated based on the datum levels of zonal marker diatom species (Fig. 3) . (Schramm, 1989) .
On the other hand, the lower Pliocene at Sites 438 (40° 37.79´N, 143° 14.15´E; water depth 1558 m), 1150, and 1151, located on the continental slope off northeast Japan, are characterized by generally increased sedimentation rate (Fig. 4) . (Barron, 1998) , 1150 and 1151 (Motoyama et al., 2004) , and stratigraphic horizons of occurrences of Aulacoseira praeislandica and Koizumia tatsunokuchiensis at Site 436.
I. Koizumi and T. Sakamoto
Site 438 4. Paleoclimate in the Pliocene at Site 436 Barron (1992) proposed the Twt ratio to interpret the Pliocene paleoclimatic changing on the region of DSDP Site 580 in the northwest Pacific, because he aimed to investigate in more detail the middle Pliocene, 3.2 to 2.6 Ma, where Koizumi (1985) reported significant climatic warming around 3.0 Ma at Sites 579 and 580.
In applying the Twt ratio to Site 436, some modifications are added. In Twt=(Xw+0.5Xt)/(Xc+Xt+Xw), Xw is the total number of subtropical to tropical (warm-water) taxa. Xt is the total number of the warm transitional taxa and Xc is the total number of the subarctic to arctic (cold-water) taxa (Table 1) Koizumia tatsunokuchiensis and freshwater diatom species occurred limitedly in this interval (Fig. 5 ).
The much warmer interval then warming at 3.0 Ma in the late Pliocene was also observed around 4.2-4.0, 3.7 and 3.4 Ma at Sites 579 and 580 in the northwestern Pacific (Koizumi, 1985) . At about 4.5 Ma, a prolonged period of high-latitude warming, nominated as event C in the late Neogene diatom sedimentation of the North Pacific by Barron (1998) , started and sustained least 1 m.y. with the increased sedimentation rate by primary (diatom) production. Evidence from the PRISM indicates middle Pliocene mean temperatures 2-3℃ warmer than today (Haywood and Valdes, 2004; Dowsett and Robinson, 2009 ). The early Pliocene was approximately 4℃ much more warmer than today (Brierly and Fedorov, 2010) . The early Pliocene, 4.9 to 4.1-3.7 Ma, is the warmest interval during the Pliocene (Fig. 5 ) and a period of reduced latitudinal thermal gradients from the Equator to midlatitudes, indicating a pole-ward expansion of the ocean warm pool (Brierley et al., 2009 6 ).
Ash is sometimes intimately mixed with terrigenous or Abundances of volcanic ash and fecal pellet types (Thompson and Whelan, 1980) : Present (1-2), Common (3-10), and Abundance (11-25) in 10 cc samples. Type D and Miscellaneous types are the morphology of fecal pellet types. Type D is described as irregularly ellipsoidal in outline, about 2.5 times as long as broad; color gray, friable texture, composed of silt and biogenic silica tests. or holothurians are assumed to be the producer (Shipboard Scientific Party, 1980a) . And also the greatest frequency of pellets occurs between peaks of volcanic ash layers indicate that floods of volcanic debris disturbed the benthic ecology (Fig. 6 ).
Sedimentation rates
The sedimentation rates during the early Pliocene generally increased all over the forearc-trench region. The tectonic events over the Japanese Island Arcs caused differential subsidence of the forearc sedimentary basins under the mid-slope terrace and deep-sea terrace (Niitsuma, 2004) . The early Pliocene marks beginning of the increase in primary (diatom) productivity at 4.5 Ma named as event C in diatom mass accumulation rates occurred after 10 Ma in the North Pacific (Barron, 1998) . The oxygen isotope curve by benthic foraminifera Cibicidoides spp. at
Sites 588-590 in the southwest Pacific suggest that 4.5 Ma marked the onset of a period of sustained high latitude warming that lasted at least 1 m.y. (Kennett, 1986) .
The results from eastern equatorial Pacific ODP transect Sites 848, 849, and 853 by using the Mg/Ca ratio of Globorotalia tumida (Brady) which has a depth habit of about 100 m show that the subsurface temperature rapidly cooled during the interval from 4.8 to 4.0 Ma in the early Pliocene and continued to be cool to the present, indicating that the thermocline shoaled since Pliocene (Ford et al., 2010) . Rapid subsurface cooling between 4.8 and 4.0
Ma is generally related to the uplift of Panama Isthmus, but is likely related to thermocline waters sourced from subtropical surface waters in the northwest Pacific (Ravelo et al., 2004; Brierley and Fedorov, 2010) .
Tropical cyclones and ocean wind-driven circulation
The multiple proxy studies of SST across the equatorial Pacific, using Mg/Ca andδ 18 O analyses of foraminifera, alkenone and faunal assemblages, show that the east-west gradient was greatly reduced during the Pliocene warm period and the ocean warm pool expanded into a pole-ward (Wara et al., 2005; Ravelo et al., 2006; Dowsett and Robinson, 2009 ).
The simulation of atmospheric circulation in the early Pliocene showed weaker Hadley and Walker cells (Brierley et al., 2009 ). In the early Pliocene, the strengthening of the mid-latitudes jet stream is associated with the increased meridional SST gradient and thermal wind balance .
The strongest typhoons in simulated activities occur east of the Philippines and Japan in the warm early Pliocene . Oscillation (ENSO) when SSTs are higher than present levels (Ravelo et al., 2004; Fedorov et al., 2010) .
Deep trench as sediment trap
Most fluvial input of terrigenous materials including extinct freshwater diatoms at DSDP Site 436 is trapped by deep trenches, which surround the northwestern Pacific rims, and is limit contamination of the materials with hemipelagic sediments which move offshore in suspension.
On the other hand, along the eastern margin of the mid- 6. Conclusion
The Pliocene extinct fossil diatom of freshwater species
Aulacoseira praeislandica is abundant exclusively during the interval from 4.9 to 4.1-3.7 Ma in the early Pliocene of DSDP Site 436 on the abyssal plain off northeast Japan.
The sedimentation rate at Site 436 during this early
Pliocene interval was 30 m/m.y., during between 7.0 and 3.7 Ma, substantially less than during the interval between 3.7 and 1.3 Ma,
where it is ~55 m/m.y., suggesting that this early Pliocene interval was marked by reduced biologic productivity.
3. The early Pliocene increases of fossil diatoms of freshwater and near-shore marine species coincides with increased abundance of volcanic debris, quartz and clay minerals, and fecal pellets, suggesting deposition by settling through the water column after being transported to the area through the atmosphere by the prevailing typhoons and through the ocean water by the Kuroshio-Kuroshio Extension system, which shifted further to the north than its present location, driven by wind.
4. Modeling studies suggest that tropical cyclones (hurricanes and typhoons) and ocean wind-driven circulation increased during the early Pliocene in the tropical to mid-latitudes because of a vast pole-ward expansion of the tropical warm pool associated with expanded El Niño-like conditions.
